The differentiation between high and low cortisol responders to stress is of interest in determining the risk factors which may, along with genetic vulnerability, influence alcohol intake. Study 1: Methods: Thirty-two healthy volunteers, family history positive to alcoholism (FHP, n = 16) and family history negative (FHN, n = 16) attended two laboratory sessions during which alcohol or placebo was offered.
Introduction
Consumption of drugs results from a complex interaction between direct drug effects, individual characteristics and the environment. There is a large body of literature providing evidence that a family history of alcoholism influences alcohol use in humans, and fewer studies about which component is affected by a family history. The HPA-axis response to stress has been gaining importance in recent years and a series of clinical studies have investigated stress as a predictor of alcohol abuse in this vulnerable population, demonstrating that stress can trigger not only an increased alcohol intake but also lead to an increased chance of relapse (Adinoff et al., 2005) . Activation of the HPA axis releases glucocorticoids which, according to many studies, can sensitize the mesolimbic dopamine (DA) reward system and strengthen the rewarding effects of alcohol (e.g. Piazza and le Moal, 1996) .
Activation of the HPA-axis is genetically influenced, and the stress response in one individual remains quite stable over time (Federenko et al., 2004; Bartels et al., 2003) . Individual differences in HPA activation thus represent a factor determining vulnerability to addiction, possibly via processes involved in sensitization of the reward system. In preclinical studies, stress-induced HPA-axis activation followed by release of glucocorticoids resulted in increased alcohol consumption, possibly by enhancing mesolimbic DA activation (Marinelli and Piazza, 2002) . Further, Piazza and le Moal (1996) showed that acute administration of corticosterone increases DA levels in the nucleus accumbens (NAcc), but only in rats whose DA system was already activated, for example those with higher DA tone or during food intake. In addition, monkeys displaying high cortisol levels of stress during infancy consumed larger amounts of alcohol during adulthood (Fahlke et al., 2000) . HPA-axis activation after stress may therefore be a predictor of voluntary alcohol consumption (Prasad and Prasad, 1995) .
It is known that subjects with family history positive (FHP) of alcoholism show different levels of sensitivity to the acute effects of alcohol than family history negative (FHN) individuals (Newlin and Thomson, 1990; Schuckit, 1994; Morzorati et al., 2002; Erblich et al., Pharmacology, Biochemistry and Behavior 130 (2015) [59] [60] [61] [62] [63] [64] [65] [66] 2003; Conrod et al., 1997) , which can make FHP subjects more likely to consume more alcohol. However, studies investigating alcohol's effects on stress-induced HPA-axis response between FHP and FHN nondependent subjects have shown inconclusive results (Zimmermann et al., 2004; Dai et al., 2002) . Zimmermann et al. (2004 Zimmermann et al. ( , 2009 ) found a higher alcohol-induced dampening of physiological stress response in FHP in comparison to FHN subjects after consumption of 0.6 g/kg alcohol prior to a stress task. Oppositely, an acute dose of 0.5 g/kg of alcohol administered prior to a stress task, dampened HPA-axis activation in FHN but not in FHP subjects (Dai et al., 2007) . In other alcohol challenge studies differences in the levels of beta-endorphin (Dai et al., 2005) , ACTH and cortisol (Dai et al., 2002) were found between FHP and FHN subjects following stress. Additionally, in a paper by the authors, a significantly higher consumption of alcohol following exposure to an acute stressful situation was observed in FHP subjects in comparison to FHN subjects . Taken together, alterations of the stress-induced HPA-axis response to alcohol consumption may contribute to different drinking patterns between FHP and FHN subjects. This raises the question whether altered stress response is of relevance for the development of alcohol related disorders.
In order to determine mechanisms underlying alcohol consumption due to stress we were inspired by Kirschbaum et al. (1995) who found evidence for the existence of high vs. low cortisol responders (HCR vs. LCR) to an acute stress situation. A differentiation between high and low responders to psychosocial stress is of significant interest regarding the pituitary-adrenocortical system (Schommer et al., 2003) . Evidence suggests that glucocorticoid low responders might be more prone to, for example, autoimmune disorders, whereas cortisol hyper-reactivity might be more related to vulnerability of infectious diseases (Kirschbaum et al., 1995) . Furthermore, high cortisol reactivity to an acute stress task resulted in increased food intake in humans (Epel et al., 2001 ) supporting the literature linking together networks involved in modulating intake of food and drugs of abuse (Berridge, 1996; Koob and Le Moal, 1997; Kreek and Koob, 1998) . This result was supported by that high cortisol responders to an acute stress task had greater BMI and reported greater emotional eating (Tomiyama et al., 2011) . In addition, Wand et al. (2007) demonstrated that healthy young adults responding to stress with high cortisol levels were also higher DA responders and experienced positive effects of amphetamine to a higher degree than low cortisol/DA responders.
Individual determinants of alcohol consumption induced by different cortisol response to a stressful situation could help explain why some individuals tend to increase their alcohol consumption, i.e. why some individuals pass the boundary between casual drinking and uncontrolled alcohol consumption, and others do not. Whether healthy FHP-HCR to a stressful situation consume more alcohol than FHP-LCR or FHN-HCR/LCR, has to our knowledge never been investigated. It has been suggested that the development of Type 1 alcoholism requires an interaction between genetics and adverse environmental conditions, which could include stress (Cloninger et al., 1988) .
Type 1 alcoholism is the most common form of alcoholism characterized by a late onset of dependence, low prevalence of familial alcoholism and a milder course, in contrast to Type 2, which is characterized by early onset of dependence, high familial alcoholism in fathers, frequent antisocial personality, and the intensity of alcohol-related problems (Cloninger et al., 1988; Babor et al., 1992) . Type 1 hereditary is considered to be "milieu-limited", meaning that genetics interact with an unfavourable milieu to inflict increased risk of developing alcoholism, whereas Type 2 heredity appears milieu independent. The development of Type 1 alcoholism seems to be related to adverse environmental conditions e.g. stress, therefore individuals with Type 1 history may be particularly susceptible to alcohol consumption after a stressful situation. In order to assess Type 1 alcoholism in the FHP population, a detailed questionnaire was administered see method) .
The purpose of the present study was to investigate if individuals that are FHP or FHN for Type 1 alcoholism differ in experimental voluntary alcohol consumption and if there would be an interaction between the stress response (i.e. HCR and LCR) and the heredity (FHP vs. FHN) in this respect.
Materials and methods
2.1. Subject recruitment and screening 2.1.1. Study 1 Thirty-two healthy men and women, non-problem social drinkers, between the ages of 19-35 participated. Half of the subjects had a family history of Type 1 alcoholism. 2.1.2. Study 2 Fifty-eight healthy men and women, who were non-problem social drinkers between the ages of 19-35, participated (see Table 1 ). Twenty-seven men and women had a family history of Type 1 alcoholism. Subjects in both studies were accepted regardless of race or ethnicity. The volunteers were recruited from the university and surrounding community via posters. Initial eligibility was ascertained in a telephone interview. Candidates also completed a psychiatric symptom checklist (SCL-90; Derogatis, 1983 Derogatis, , 1994 , which is a self-report questionnaire used to screen general psychiatric disorders, the Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 1992) which is a reliable and widely used tool designed in order to detect subjects with hazardous and harmful alcohol consumption and a health questionnaire with a detailed section on current and lifetime drug use. The subjects in this study were included if they drank between 4-8 alcoholic drinks per week. Subjects were excluded from the study if they had: any current medical condition requiring medication, prior corticosteroid treatment, any current Axis I psychiatric disorder (APA, 1994) , or any history of psychosis, history of drug or alcohol abuse or dependence (including nicotine dependence), less than a high school education, lack of fluency in Swedish and English, or night shift work. Before participation, subjects read and signed a consent form informing them that the purpose of the study was to investigate the effects of alcohol. For blinding purposes, subjects were told that they might receive alcohol or placebo. Subjects were told not to smoke, exercise or eat four hours before they arrived to the laboratory. The experimental protocol was approved by Gothenburg regional ethical committee for the use of human subjects and the procedures are in compliance with the declaration of Helsinki for human subjects.
Design and detailed procedure 2.2.1. Study 1
The study utilized a placebo controlled, between-subjects design. The subjects were divided into two groups, FHP (n = 16) and FHN (n = 16) randomly assigned either to receive ethanol or placebo beverages on the first out of the two sessions. FHP and FHN subjects were also randomly mixed in each group. On each session, subjects arrived at the laboratory at 13.00 hr. Upon arrival (-30 min), subjects were allowed to relax for 10 min. At -20 min baseline breath alcohol level (BAL) was taken with a breathalyzer. At -10 min they were allowed to drink 1 dl of water to reduce the effects of thirst on the consumption of the ethanol or placebo beverages. Thereafter subjects consumed a priming beverage containing 0.3 g/kg ethanol or placebo during 10 min. The consumption test procedure for both Study 1 and Study 2 was thereafter the same: during the next 30 min, subjects were offered up to six additional drinks of 0.1 g/kg of ethanol on the ethanol session or placebo on the placebo session. They could only have another drink if they had finished their previous drink. BAL was taken -20 (baseline), 20, 60 and 75 min time point. The primary dependent measure was the amount of alcohol or placebo beverage consumed. Secondary dependent measure was the physiological effect after beverage consumption (BAL).
Study 2
This study utilized a placebo controlled, mixed within-and between-subjects design. Subjects that were FHP (n = 27) or FHN (n = 31) were randomly assigned either to a group receiving ethanol on two sessions or to a group receiving placebo on two sessions. Therefore, the between subject variables consisted of two groups (FHP vs FHN and alcohol vs placebo). We also used a within subjects design (stress and a stress-free session) because earlier studies have found a habituation effect on the cortisol response to the Trier Social Stress Test, TSST (Kirschbaum et al., 1995) . On one session, subjects were exposed to a modified version of the standardized TSST (Kirschbaum et al., 1993) immediately before consuming their beverage, and on the other session subjects were stress-free, before consuming their beverage. Thus, there were eight experimental conditions: FHP + stress + alcohol, FHP + no stress + alcohol, FHP + stress + placebo, FHP + no stress + placebo, FHN + stress + alcohol, FHN + no stress + alcohol, FHN + stress + placebo and FHN + no stress + placebo. The dependent measures were beverage consumption and physiological responses after stress. On each session, subjects arrived at the laboratory at 13.00 hr, a time when cortisol levels are relatively stable (Weitzman et al., 1971) . Upon arrival (-30 min), subjects were allowed to relax for 10 min. At -20 min they provided a saliva sample for baseline cortisol analysis, and completed baseline physiological measure (BAL). They were also informed whether they would be required to perform the "mental arithmetic" (stress) that day. At −15 min they were allowed to drink 1 dl of water to reduce the effects of thirst on the consumption of either ethanol or placebo beverages. At −10 min the stress task or the stress-free period began. After this period, subjects consumed a beverage containing 0.3 g/kg ethanol or placebo during 10 min. Hereafter, the procedure for the consumption test was exactly the same as in Study 1 (see above). BAL and salivary cortisol (only in Study 2) were taken −20 (baseline), 20, 60 and 75 min time point. For both Study 1 and 2, sessions were conducted with a minimum of one week in between. There was no maximum interval between sessions but the average interval was about three weeks. Subjects were always run in a group of three or four. This social setting is used to create a friendly atmosphere and is common in human laboratories conducting pharmacological challenge studies (Doty and de Wit, 1995; de Wit et al., 1999 de Wit et al., , 2003 . Subjects were allowed to leave the laboratory when they were completely sober (BAL 0.0 ‰). After completing both sessions subjects were debriefed by the experimenter and paid.
The data for Study 2 was initially collected for the purpose to study the effects of stress on alcohol consumption between FHP and FHN individuals. Those results have been presented in an earlier study by the authors . The current study extends our earlier results showing that FHP individuals consume more alcohol than FHN individuals do after stress. Study 2 is based on the hypothesis that high cortisol responders are a group extra sensitive to the effects of alcohol (Brkic et al., submitted for publication) and it describes a new risk population that might be extra sensitive to the effects of alcohol, FHP-HCR. The dataset in Study 2 (Söderpalm Gordh et al., 2011) has been analyzed with the differentiation of groups to the FHP/FHN-HCR/ LCR.
Laboratory environment
Both studies were conducted in a laboratory environment at the Addiction Biology Unit (ABU), Section of Psychiatry and Neurochemistry, Institute of Neuroscience and Physiology, at the Sahlgrenska Academy, Gothenburg University, Sweden. This environment consists of one room furnished to resemble a living room. The room had incandescent lighting, a couch and two leather chairs, a table with magazines, paintings on the walls and curtains in the windows. When not completing questionnaires participants were allowed to relax, but they were not allowed to work, watch videos or study.
Family history
In order to assess Type 1 alcoholism a detailed questionnaire was administered . Subjects answered yes or no on the following questions regarding their relative(s), covering in detail the diagnostic criteria of alcohol dependence according to the DSM IV (APA, 1994): 1) Has any biological relative of yours had what you would call problems with alcohol/drugs? If yes, who?, 2) Has this biological relative of yours had problems with alcohol/drugs before 21 years of age?, 3) Has this biological relative of yours been in contact with the police/state before 21 years of age?, 4) Has this biological relative of yours had repeated use of alcohol that leads to inability to take care of for example work or household duties?, 5) Has this biological relative of yours had repeated use of alcohol in situations where that person is in physical risk, for example driving or at work?, 6) Has this biological relative of yours had repeated contacts with police/state as a consequence of misuse of alcohol or drugs?, 7) Has this biological relative of yours had continued use despite recurrent problems?. Subjects answering yes on questions 1, 4 and 7 but no on 2, 3, 5 and 6 were included in the study and considered family history positive, whereas subjects answering no on the first question did not answer any further questions and were considered family history negative. By including only subjects answering no on questions 2, 3, 5 and 6, Type 2 alcoholism, according to Cloninger et al. (1988) , was most likely largely excluded and the group selected thus probably mainly comprise subjects family history positive for Type 1 alcoholism. In Study 1, 76% of the subjects had multigenerational family histories (parent and grandparent) of male and female alcoholism, 30% had a father or mother with a history of alcoholism, 46% had a male or female grandparent with a history of alcoholism, 23% had an uncle (brother of their father or mother) with a history of alcoholism. In Study 2, 74% of the subjects had multigenerational family histories (parent and grandparent) of male and female alcoholism, 18.5% had a father or mother with a history of alcoholism, 55.5% had a male or female grandparent with a history of alcoholism, 22.2% had an uncle (brother of their father or mother) with a history of alcoholism and 0.03% had a sister or brother with history of alcoholism. By contrast, in both studies, the control subjects had no identifiable alcoholic relative(s) in the previous two generations.
Ethanol consumption
Ethanol (Absolut Vodka 40%) was mixed with Tropicana orange juice (pulp free) to a concentration of 16% ethanol. The priming dose of 0.3 g/kg was adjusted for body weight, to be consumed during a 10-minute period. Thereafter, subjects were allowed to consume up to six beverages each. The additional six doses of ethanol consisted of 0.1 g/kg each. Subjects could choose to accept the drinks or not. The placebo beverage consisted of orange juice mixed with 1 ml vodka and was administered at the same volume as the alcoholic drinks. The beverages were served cold in white colored glasses. The total volume of beverages consumed per session was recorded and a percent consumed of the total amount of alcohol or placebo available for consumption was evaluated (de Wit et al., 2003) .
The modified version of the Trier Social Stress Test
The stressor in Study 2 was a modified version of the Trier Social Stress Test, a social stress procedure that reliably induces an increase of cortisol (Kirschbaum et al., 1993) . In this procedure subjects were required to perform a timed arithmetic task in front of an interviewer and an observer who monitored their performance. Subjects were told that they were being tape-recorded and that their presentation would be analyzed for accuracy. The four subjects stood in a row in front of the "judges", and were randomly asked individually to subtract numbers aloud. They were required to count backwards, out loud, from 1754 in intervals of 13 to 17, for 10 minutes. If they stopped they were instructed to continue by the interviewer. Subjects were tested in the group to increase the social pressure to perform well, and thus enhance the effectiveness of the stressor (von Davans et al., 2011) . When stress situation includes aspects of shame in response to social situation, it becomes an even more potent trigger of cortisol release Taylor et al., 2010) . The standard original protocol of the TSST also involves 5 minutes long component of public speech (Kirschbaum et al., 1993) which, in the present study, was replaced by arithmetic problems. This modification was made in order to best fit the design of the study. Still, the uncontrollable, unpredictable and social-evaluative elements, which have a largest impact on the activation of the HPA-axis, was maintained in the protocol ).
Cortisol levels
In Study 2 saliva cortisol levels were measured. Free cortisol is the protein-unbound, biological active fraction of total cortisol. Saliva flow rate does not influence salivary cortisol levels and it has been demonstrated that there is a very high correlation between serum free and saliva cortisol levels (Riad-Fahmy et al., 1982) . Salivary cortisol measurement is a common method of choice in human psychoneuroendocrinology stress research (Bassett et al., 1987; Kirschbaum and Hellhammer, 1989 ).
Dependent measures
Dependent measures included physiological effects as described below. The primary dependent measure was the total amount of beverage consumed. Physiological measures were breath alcohol level (BAL) and salivary cortisol.
Objective measures
The objective measures were blood alcohol level and salivary cortisol. Blood alcohol concentrations were estimated from breath alcohol level using Alco-Sensor III breathalyser Alcometer (Alert J5, Alcohol Countermeasure Systems Corp, 2006) . Saliva samples for the cortisol assays were collected using a salivette (Sarstedt, Newton, N.C., USA), which contains a piece of cotton that the subject gently chews on for approximately 30 sec. No additional saliva flow stimulant was used. All the objective measures were taken while subjects were seated. The saliva samples were frozen and assayed by the Department of Clinical Chemistry, Sahlgrenska University Hospital, Gothenburg, using a Coat-ACount cortisol radioimmunoassay kits (Orion Diagnostica).
Data analysis
For Study 1 a test between two groups a Mann-Whitney U-test was used. For Study 2, a cut-off split (i.e. an increase of more than 2.5 nmol/l cortisol from baseline) based on the difference between the peak and baseline cortisol levels for the groups (FHP and FHN) was performed in order to obtain HCR/LCR after stress (Miller et al., 2013) . The between-subject factor was drug (alcohol or placebo), and history of alcoholism (FHP or FHN) and the within-subject factor was stress. Cortisol measures were obtained before stress (baseline time point -20 min), immediately after the stress and before the beverage consumption, and at varying times after beverage consumption (time points + 20, + 60, + 75 min). For descriptive purpose mean and standard error of mean (SEM) were presented for continuous variables. For test within groups Wilcoxon Signed Rank test was used for continuous variables and for test between two groups Mann-Whitney U-test was used. Adjusted analyses were obtained by using logistic regression with grouping variable as dependent variable, post-baseline value or difference from baseline to post-baseline value as main effect variable and baseline value as covariate. All tests were two-tailed and conducted at 5% significance level. The analyses were performed in SAS® version 9.3 (SAS Institute, Inc., Cary, NC). Table 1 shows the demographic characteristics of the subjects in Studies 1 and 2. The subjects assigned to the FHP and the FHN group did not differ on any of the demographic or drug use variables obtained. One person in Study 1 in the FHP group smoked three cigarettes and one person in Study 2 in the FHN group reported smoking two cigarettes on a daily basis. Fig. 1 and Table 2 show that in a stress-free condition, during a 30 min consumption testing period, no significant differences in amount consumed of the total alcohol or placebo beverage available were found between the FHP and FHN subjects (p = 0.92).
Results

Subject demographics
Study 1: Alcohol consumption in FHP and FHN individuals without stress
Study 2: Alcohol consumption in FHP-HCR/LCR and FHN-HCR/LCR individuals after stress
First, after stress and during the 30 min consumption testing period we found a main effect of stress between FHP and FHN individuals drinking alcohol (Whitney-U test, p = 0.02). That is, after the stressful situation, FHP subjects consumed more alcohol than FHN subjects did. This effect was not observed in the placebo group. Second, as seen in Fig. 2 and also presented in Table 2 , it was found that when the family history positive subjects were divided into high (HCR) and low cortisol responders (LCR), the FHP-HCR subjects consumed significantly more alcohol than FHN-HCR subjects (p b 0.01). When a correlation analysis was made we did not see a significant correlation between cortisol response and alcohol consumption in this group (p = 0.09). In some, stress promoted alcohol consumption only in subjects with a family history of Type 1 alcoholism who showed an increase in cortisol response to stress. No other significant differences were found between the rest of the groups after consuming either alcohol or placebo.
Study 2: Physiological effects of stress
The cortisol cut-off split of the total sample of 34 participants in the alcohol group, (according to a minimum of 2.5 nmol/l cortisol increase from baseline) yielded two subgroups, a HCR (n = 8) and a LCR (n = 8) within the FHP group, and a HCR (n = 8) and a LCR (n = 10) within the FHN group. In the placebo group (total sample of 24 participants), the cortisol cut-off split yielded two subgroups, a HCR (n = 7) and a LCR (n = 4) within the FHP group, and a HCR (n = 4) and a LCR (n = 9) within the FHN group.
Baseline cortisol in the four subgroups, FHP-HCR, FHN-HCR, FHP-LCR, FHN-LCR: In the alcohol group, when baseline cortisol was considered between the subgroups FHP-HCR and FHN-HCR or FHP-LCR and FHN-LCR no differences were seen. This was also true for the placebo group (Fig 3) .
Peak cortisol in the four subgroups, FHP-HCR, FHN-HCR, FHP-LCR, FHN-LCR: In the alcohol group, when peak cortisol was analysed between the subgroups FHP-HCR and FHN-HCR or FHP-LCR and FHN-LCR no differences were found. This was also true for the placebo group. No difference in peak cortisol between the FHP-HCR and the FHN-HCR or between the FHP-LCR and the FHN-LCR was found. Peak cortisol occurred at time point 20 or 40 minutes after the onset of the stress task (Fig 3) .
Difference between baseline and peak cortisol in the four subgroups, FHP-HCR, FHN-HCR, FHP-LCR, FHN-LCR: In the alcohol group, when the difference between baseline cortisol and peak cortisol was considered, a significant variation in the subgroups FHP-HCR (p b 0.01) and FHN-HCR (p b 0.01) was found. Both subgroups showed an increase in cortisol at the peak from baseline (Fig 3) . This was also true for the FHP-HCR drinking placebo. They showed a significant increase in cortisol between baseline and peak (p b 0.02). This increase in cortisol between baseline and peak was not seen in the FHP-LCR, FHN-LCR or FHN-HCR drinking placebo. Since, the LCR groups by nature show low cortisol response we expected to see these results.
When gender differences were analyzed in response to the cortisol reactivity, we found no difference in either baseline or the peak cortisol in the alcohol or placebo group between men and women in the FHP or the FHN groups. However, we found a trend towards an increased peak cortisol response after stress in the FHP men in the placebo group (p = 0.06). When all the four subgroups were considered, there were no differences at either baseline or at peak cortisol between genders.
When gender differences were taken into account, we found no difference in consumption of either alcohol or placebo during the no-stress session in either FHP or the FHN groups. This was also true for the stress session. No gender differences were found in either the FHP or the FHN groups. However, we found a trend towards increased alcohol consumption in FHP men compared to FHP women after stress (p = 0.06). When all the four subgroups were considered, there were no differences between the genders during either alcohol or placebo consumption after stress or the no-stress session. 
Table 2
Alcohol and placebo consumption in Study 1 and Study 2. The mean ( ± SEM) percent consumed of the total amount of alcohol or placebo beverage available, during the testing period of 30 min. FHP: family history positive; FHN: family history negative; HCR: high cortisol responders; LCR: low cortisol responders. 
Discussion
Two studies have been presented in this paper. The first study shows that in absence of a stressful situation, there are no differences in voluntary consumption of either alcohol or placebo between subjects FHP or FHN with respect to Type 1 alcoholism. However, in Study 2, after the introduction of an acute stressful situation, FHP subjects consumed more alcohol than FHN and this difference was attributed to FHPs exhibiting a high cortisol response in comparison to FHN high cortisol responders (HCR).
Twin, adoption and family studies consistently support the role of heritability of alcoholism (Cloninger et al., 1988; Dawson et al., 1992) . The results of Study 1 revealed no differences in voluntary consumption in healthy subjects regardless of family history of alcoholism, which is in good agreement with the literature. In the consumption study by de Wit and McCracken (1990) voluntary alcohol intake did not differ between FHP or FHN groups. To our knowledge, that study is the only one with the same approach and subjects resembling the ones employed in the present study. In contrast, in a computer-assisted self-infusion of ethanol method it was found that FHP social drinkers self-injected higher doses of alcohol compared to FHN controls (Zimmermann et al., 2008 (Zimmermann et al., , 2009 .
The risk for developing an alcohol use disorder is determined by both genetic and environmental factors (Federenko et al., 2004) . The question of why some individuals develop alcohol problems and others do not, remains unanswered. The results of the first study indicated that a family history of Type 1 alcoholism per se is an insufficient indicator of increased risk for altered alcohol consumption in healthy moderate drinkers, at least in a laboratory setting. The results from our second study indicate that an environmental risk factor, such for example an acute stressful situation, influences the consumption of alcohol differently in FHP and FHN individuals, even though the cortisol reactivity did not differ between these two subgroups. Thus, subjects who displayed a high cortisol response to stress among the FHP population consumed significantly more alcohol compared to FHN subjects also showing a high cortisol response. Interestingly, Thomas et al. (2011) showed that an acute stress situation prior to alcohol drinking doubled the consumption of drinks in alcohol dependent subjects. Moreover, and consistent with this finding, stressful negative mood states, negative affect imagery or a psychosocial stressor, increased the urge to drink alcohol in alcoholics, either directly or after exposure to alcoholrelated cues (Cooney et al., 1997; Litt et al., 1990 Litt et al., , 2000 Sinha et al., 2009) .
When sex differences were taken into account in Study 2, we found two trends. First, the FHP men in the placebo group showed an increased cortisol peak response compared to FHP women. This trend was not seen in the alcohol group suggesting that alcohol may have suppressed the peak cortisol in this group for men. Given the sex differences in response to the TSST procedure, men, and specifically younger men, exhibit greater cortisol response to stress than women (Childes et al., 2010;  for rev see Kudielka et al., 2004) . Second, we also found trend towards that FHP men drank more alcohol than FHP women after stress. This trend is also interesting as it suggests that men with Type 1 alcoholism are more prone to drink alcohol after stress than women. Both these trends were not seen in the subgroups (HCR and LCR). This could be due to the low number of men and women in each subgroup.
Taken together, in experimental alcohol consumption paradigms, healthy individuals FHP for Type 1 alcoholism with a high cortisol response to stress behave in a similar manner as alcohol dependent individuals after stress, with respect to alcohol intake. This could indicate that these individuals are particularly prone to develop alcohol dependence in the future and in fact belong to the same "population" as the alcohol dependent ones. Prospective studies using populations of FHP and FHN, further subdivided into HCR and LCR, could resolve this issue as well as studies of the possible importance of HCR vs. LCR with respect to alcohol intake after stress in alcohol dependent individuals.
Further support for our results is available both in the animal and clinical experimental literature. Thus, preclinical studies have confirmed the existence of two subgroups of rats regarding their response to stress. Taylor et al. (1990) found that high plasma catecholamine responders showed an increased voluntary consumption of alcohol compared to low catecholamine responders, and adrenalectomy is particularly efficient in reducing alcohol consumption in rats with the highest levels of alcohol intake (Fahlke et al., 2000) . Comparable evidence from clinical study has revealed the existence of healthy high and low cortisol responders to acute stress (Kirschbaum et al., 1995) . That study highlighted cortisol response measured among healthy participants after repeated stress exposures. It was found that cortisol response is a persistent trait and the differentiation between high and low responders was maintained throughout the study.
A recent fMRI study indicates that cortisol is crucially involved in the relation between stress and the responsiveness of the reward system (Oei et al., 2014) . Healthy male volunteers were exposed to the TSST and the process of reward in the ventral striatum (NAcc) was examined using fMRI. It was found that individual cortisol levels following the stress-induction influenced the direction of reward sensitivity. Subjects who were HCR also showed a strong NAcc activation in response to reward, indicating an increased reward sensitivity and vulnerability to for example addiction (Oei et al., 2014; Epel et al., 2000 Epel et al., , 2001 . These results confirm extensive preceding animal work of Piazza and LeMoal (e.g.) , who in numerous publications have arrived at the same conclusion -corticosterone (the rat's equivalent to human cortisol) promotes reward processes and animals displaying a high HPA-axis reactivity are prone to addiction of various kinds.
Result from a recent study from this laboratory investigating subjective effects of alcohol between HCR and LCR in response to an acute stressful situation indicate that only HCR responded with increased sedation (Brkic et al., submitted for publication). Hence, individuals who are HCR to stress in combination with a positive family history of alcoholism might therefore represent a greater risk subgroup within the FHP subjects. Previous research has shown that cortisol levels remain stable even though the stress procedure is repeated over time (Schommer et al., 2003; Uhart and Wand, 2009 ) meaning that the way one person respond to stress does not change (Kirschbaum et al., 1995; Negrao et al., 2000) .
To our knowledge there are no previous studies examining the association between acute stress-induced high and low cortisol response and voluntary alcohol intake in laboratory settings, with regard to family history of alcoholism. The results of the present study provide preliminary support for the hypothesis that the HPA response to psychosocial stressful situation characterized by a high cortisol response may regulate alcohol consumption among individuals with a positive history of alcoholism. These findings can help to better understand possible factors that promote alcohol consumption in stressful situations characterized by elevated cortisol levels. Future studies on stress and alcohol consumption should take into consideration the issue of high versus low responders on stress.
Conclusion
We conclude that stress promotes alcohol consumption. We have found, in Study 1, that FHP and FHN individuals consume the same amount of alcohol in a laboratory setting in the absence of stress. This result was somewhat surprising due to earlier studies that have found this specific group of FHP individuals shows different responses to alcohol. Some studies indicate that FHP subjects are less sensitive in their response to alcohol, whereas other studies indicate that FHP subjects are extra sensitive to the initial effect of alcohol. Yet other studies show a combination of both. Stress is however not present in those studies. In Study 2, when stress was added and the FHP and FHN individuals were grouped into HCR vs LCR, we found that FHP-HCR consumed more alcohol than FHN-HCR. Hereby we conclude that FHP-HCR is a specific subgroup extra sensitive to the effects of alcohol.
